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Abstract 

The Higgs particle can have dominantly invisible decay in a large class of Majoron 
models as well as some SUSY models. The LEP signal and mass limit for a Higgs particle 
undergoing invisible decay are explored. They are found to be very similar to those for the 
standard model decay. The best signatures and discovery limit for an invisibly decaying 
Higgs particle at the LHC are also discussed. 
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The signatures for Higgs particle detection at LEP and the future hadron colliders (LHC/SSC) 
have been extensively studied in the framework of the standard model (SM) and its super- 
symmetric (SUSY) extensions 1 ' 2 \ There exist some extensions of the SM, however, with a 
qualitatively different signature for the Higgs particle. These extensions are generically called 
the Majoron models (MM) 3 " 7 ) and have been quite popular, e.g. in the context of generating 
neutrino mass. They are characterized by the existence of a Goldstone boson (the Majoron). 
Since the coupling of this Goldstone boson to the Higgs particle is not required to be small on 
any theoretical or phenomenological grounds, the Higgs particle could decay into an invisible 
channel containing a Majoron pair 7 " 9 ). Indeed the importance of extending the Higgs search to 
this invisible decay channel has been repeatedly emphasized over the past decade 8 ' 9 ) . However, 
quantitative investigations along this line have only started very recently 10 " 12 ). 

The key features shared by essentially all Majoron models is a spontaneously broken global 
U(l) symmetry and a complex SU(2) x U(l) singlet scalar field i] transforming non-trivially 
under the global U(l). The spontaneous breaking of the global U(l) generates a massless 
Goldstone boson, the Majoron J = Im rj/y/2, and a massive scalar rjR = Re rf/y/2. The latter 
mixes with the massive neutral component 4>r of the standard Higgs doublet through a quartic 
term (ft^rfrj in the scalar potential. Thus one has two massive physical scalars 

H = cos 6<j) R + sin 9i] R and S = cos 9r] R — sin #0 R , (1) 

where the mixing angle can always be chosen to lie in the range 0-45°, so that the H and S have 
dominant doublet and singlet components respectively. The above quartic term also generates 
the following couplings of H and S to the massless Goldstone boson J : 

C = iy^^!l tan p [ M | cog 6SJ 2 _ M 2 gin g H j2^ ^ ( 2 ) 

where tan (3 = (0) / (77) is the ratio of the two vacuum expectation values 8 ) . The resulting decay 
widths of H, S into the invisible channel (J J) relative to the dominant SM channel (66) are 

1 /Mh\\_, 11 



^-Wr^^j tanW/^l-^j , (3) 



The large mass ratio (MH,s/ m b) 2 on the r.h.s. implies that the invisible decay channel could 
dominate for S as well as H over a large range of the parameters tan# and tan/3.0 

Although eqs. (l)-(4) above were derived for the simplest model 3 '' having 1 singlet and 1 
doublet scalar fields, similar considerations hold for those having a larger Higgs content 5-8 -' or 
a larger global symmetry group than U(l) 9 \ It may be added here that the Higgs particles 
can also decay invisibly in the SUSY models via a pair of lightest superparticles (LSP). For the 
minimal supersymmetric standard model (MSSM) this invisible decay mode has been shown to 
dominate only over a tiny range of parameters for the scalar Higgs particles but over a larger 
range for the pseudoscalar 13 ) . 

Thus it is important to extend the Higgs search strategies at LEP and the LHC to cover the 
possibility of a dominantly invisible decay. This is simple at LEP, since the dominant channel 
for the Higgs search is the same for the SM and the invisible decays - i.e. the missing energy 
channel with one or two jets 10-12 -'. It corresponds to the Bjorken production process 

e+e~ 4 Z*H (5) 

followed by Z* — > vv , H — > bb for the SM decay and Z* — > qq , H — > J J for the invisible 
decay. Indeed the larger branching fraction of Z* into quarks implies a larger event rate for 
the latter case. Figure 1 shows the expected number of signal events for the two cases 11 -* for 
the ALEPH data sample of ref. [2]. The cuts reduce the signals by only a factor of ~ 2/3 in 
either case while completely eliminating the background. Thus the signal size for the invisible 
Higgs decay is a factor of 2-3 higher than the SM decay; and the corresponding 95% CL mass 
limit is higher by ~ 6 GeV. This would imply an H mass bound somewhere between these two 
limits, depending on the relative size of the two decay models (eq. (3)). On the other hand 
the production cross-section (5) would be suppressed by a factor of cos 2 6 (> 0.5) since the Z 
couples only to the doublet component of the Higgs field. Combining the two effects leads to a 
Mn bound in the Majoron models, which is within ±6 GeV of the SM value, irrespective of the 
model parameters, i.e. 48 ± 6 GeV 2 ' 11 - 1 going up to 60 ± 6 GeV with the new ALEPH data 12 - 1 . 
A similar correlation between the Higgs signatures and discovery limits for the two models 
is expected to hold for LEP II as well. It may be noted that the dominantly singlet Higgs S 



^Both parameters depend on the scale of the global 17(1) breaking relative to the SU(2) x ?7(1) breaking 
scale, on which there are no severe phenomenological constraints. 





of the MM can be arbitrarily light for sufficiently small mixing angle 6, since the production 
cross-section is suppressed by a factor of sin 2 ^. 

At the LHC, the missing energy is not measurable in view of the large energy loss along the 
beam pipe. So one has to convert it into a missing-px (jfr) signature by looking at one of the 
following associated production processes at large px- 

(i) H + jet, (ii) H + Z, (Hi) H + W and (iv) H + tt , (6) 

followed by the invisible decay of H . While the first process has too large a background from 
Z( — ► vv) + jet, the second and third processes are expected to give viable signatures at 
the LHC 14 ). Figure 2 shows the Higgs signal from (ii) along with the dominant background 
in the £ + £~^ T channel 14 ). For j/ T > 200 GeV, one gets a viable signal size (~ 2.5 fb) and 
signal/background ratio (~ 1/2). Figure 3 shows the signal from (Hi) along with the irreducible 
background in the £j/t channel 14 -*. Here the signal size is ~ 5 fb and the signal/background 
ratio is ~ 1 for jjx > 200 GeV. Thus one should be able to probe the intermediate mass range 
of Higgs (100-200 GeV) even after making allowance for the suppression factor of cos 2 9 at 
the production vertex. For M H > 200 GeV, the H — > WW, ZZ decay modes are expected to 
dominate over the invisible (J J) mode. 

The fourth process has also been shown to give a signal/background ratio of ~ 1 at the 
LHC 16) . But the signal size is relatively small (~ 0.5 fb). Besides, this signal is far more 
demanding on the detector performance, as it requires good b identification as well as recon- 
struction of W and t masses from hadronic jets. 

Finally, it may be noted that the signals of Figs. 1-3 are equally applicable to the invisible 
decay of Higgs scalar into a pair of LSP in the SUSY models. In fact they should be exact in 
this case since there is no singlet Higgs scalar S, i.e. cos# = 1. However they do not apply 
to the pseudoscalar Higgs boson A of SUSY models, since it does not couple to gauge bosons. 
Only the last process mentioned above is applicable to the invisible decay of A 16 K 
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Figure captions 



Fig. 1 The expected Higgs signals for the SM and MM (invisible) decay modes corresponding 
to the published ALEPH data 2) . 

Fig. 2 The HZ signal (dotted and dashed lines) and the ZZ background (solid line) cross- 
sections for the dilepton + missing-px channel at the LHC, calculated using the DFLM 
structure functions 15 ^ . 

Fig. 3 The HW signal (dotted and dashed lines) and the WZ background (solid line) cross- 
sections for the lepton + missing-p^ channel at the LHC, calculated using the DFLM 
structure functions 15 ^. 
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